Equipment and Apparatus

Experimental Details
Materials and Reagents
All reagents and solvents were purchased from commercial sources and used without further purification unless otherwise noted. THF was dried over 4 Å molecular sieves and distilled under nitrogen from sodium benzophenone prior to use. Tetrabutylammonium hexafluorophosphate (TBAPF 6 ) was vacuum-dried for 48 h. The transparent FTO conducting glass (fluorine-doped SnO 2 , transmission >90% in the visible range, sheet resistance 15 Ω/square) was purchased from Geao Science and Educational Co. Ltd. TiO 2 paste (18NR-T and 18NR-AO) was purchased from Dyesol Ltd. The FTO conducting glass was washed with a detergent solution, deionized water, ethanol, and acetone successively under ultrasonication for 20 min before use.
Equipment and Apparatus
1 H NMR and 13 C NMR spectra were obtained using a Bruker AM 400 spectrometer. HRMS measurements were performed using a Waters LCT Premier XE spectrometer. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) was measured using a Shimadzu-Kratos model Axima CFR+ mass spectrometer using dithranol as the matrix. UV-Vis absorption spectra were recorded on a Varian Cary 100 spectrophotometer and fluorescence spectra were recorded on a Varian Cray Eclipse fluorescence spectrophotometer. The cyclic voltammograms of the dyes were obtained in acetonitrile with a Versastat II electrochemical workstation (Princeton Applied Research) using 0.1 M TBAPF 6 (Aldrich) as the supporting electrolyte, the sensitizer attached to a nanocrystalline TiO 2 film deposited on the conducting FTO glass as the working electrode, a platinum wire as the counter electrode, and a regular calomel electrode in saturated KCl solution as the reference electrode. The scan rate was 100 mV s -1 .
Fabrication of DSSCs
The procedures for preparation of TiO 2 electrodes and fabrication of the sealed cells for photovoltaic measurements were adapted from that reported by Grätzel and co-workers. 1 A screen-printed double layer of TiO 2 particles was used as the photoelectrode, and the detailed procedure was reported in our previous work. 2 However, the dyes examined in this report were not fully soluble in the solvent used before (Toluene : EtOH = 1 : 4). Therefore, the films were then immersed into a 0.2 mM solution of the porphyrin dyes in a mixture of chloroform and ethanol (volume ratio of 3 : 2) at 25 o C for the indicated time. For coadsorption, the films were then immersed into a 0.2 mM solution of the dyes with various concentrations of CDCA in a mixture of chloroform and ethanol (volume ratio of 3 : 2) at 25 o C for 12 h. For cosensitization, the films were immersed into a 0.2 mM solution of porphyrin dyes in a mixture of chloroform and ethanol (volume ratio of 3 : 2) at 25 o C for 12 h. Then, the porphyrin-sensitized films were washed with ethanol, dried in air, and immersed in a solution containing Z1 (0.3 mM) in a mixture of chloroform and ethanol (volume ratio of 1 : 1) at 25 o C for the indicated time. The counter electrode was also prepared according to the procedure reported in our previous work. 3, 4 The electrolyte solution contains 0.1 M LiI, 0.05 M I 2 , 0.6 M 1-methyl-3-propyl-imidazolium iodide (PMII) and 0.5 M 4-tert-butylpyridine (TBP) in acetonitrile.
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Photovoltaic Behavior Measurements
Photovoltaic measurements were performed by employing an AM 1.5 solar simulator equipped with a 300 W xenon lamp (model no. 91160, Oriel). The power of the simulated light was calibrated to 100 mW cm -2 using a Newport Oriel PV reference cell system (model 91150 V). J-V curves were obtained by applying an external bias to the cell and measuring the generated photocurrent with a model 2400 source meter (Keithley Instruments, Inc. USA). The voltage step and delay time of the photocurrent were 10 mV and 40 ms, respectively. Action spectra of the incident monochromatic photon-to-electron conversion efficiency (IPCE) for the solar cells were obtained with a Newport-74125 system (Newport Instruments). The intensity of monochromatic light was measured with a Si detector (Newport-71640). The electrochemical impedance spectroscopy (EIS) measurements of all the DSSCs were performed using a Zahner IM6e Impedance Analyzer (ZAHNER-Elektrik GmbH & CoKG, Kronach, Germany), with the frequency range of 0.1 Hz-100 kHz and the alternative signal of 10 mV. The ZSimpWin software was used to fit the experimental EIS data of the DSSCs.
Theoretical Calculations
We employed density functional theory (DFT) calculations to optimize the ground state geometries of the sensitizers, using the hybrid B3LYP functional 5, 6 and the 6-31G* basis set. 7 For zinc atoms, the Los Alamos effective core potential basis set (LANL2DZ) was used. 8 All calculations were carried out using the Gaussian09 program package. 9
Measurement of the Dye Adsorption Amounts
The amounts of dye adsorption on the TiO 2 films were measured by a Varian Cary 100 spectrophotometer. The sensitized electrodes were immersed into a 0.1 M NaOH solution in a mixed solvent (H 2 O : THF = 1 : 1), which resulted in desorption of each dye.
Synthesis of Dyes
Synthesis of compound 1. In a 250 mL three-necked flask, 2,6-dihydroxybenzaldehyde (4.00 g, 29.40 mmol), 6-bromo-1-hexene (14.38 g, 88.20 mmol), and K 2 CO 3 (16.25 g, 117.60 mmol) were mixed in DMF (120 mL) under nitrogen. After the mixture was kept stirring at 80 o C for 24 h, the resulting suspension was poured into water, extracted with CH 2 Cl 2 , and washed with water. The organic portions were combined and dried using anhydrous Na 2 SO 4 . After filtration, the solvent was removed by rotary evaporation. The residue was purified by column chromatography (silica gel, CH 2 Cl 2 : PE = 1 : 2) to give 1 as a yellow oil (8.14 g, yield 92%). 1 Synthesis of compound 3. To a solution of porphyrin 1 (2.06 g, 2.41 mmol) in CH 2 Cl 2 (800 mL) was added NBS (0.94 g, 5.30 mmol) in CH 2 Cl 2 (300 mL) dropwise at room temperature. After 1 h, 100 mL water was added to quench the reaction and the raw product was extracted using CH 2 Cl 2 and water. The organic layers were combined and dried using anhydrous Na 2 SO 4 . Then the solvent was removed under reduced pressure and the residue was purified by column chromatography (silica gel, CH 2 Cl 2 : PE = 2 : 3) to afford 3 as purple powders (2.09 g, yield 86%). . After reflux overnight, the solution was poured into water, extracted with CH 2 Cl 2 , and the combined organic extracts were dried over anhydrous Na 2 SO 4 . Then the solvent was removed under reduced pressure, and the residue was purified by column chromatography (silica gel, CH 2 Cl 2 : PE = 1 : 1) to afford 4 as purple powders (2.20 g, yield 98%). 1 Synthesis of compound 5. A solution of 4 (600 mg, 0.56 mmol) and 2 nd Generation Grubbs Catalyst (48 mg, 0.05 mmol) in CH 2 Cl 2 (800 mL) were stirred at 40 o C for 24 h under nitrogen. Then the solvent was removed under reduced pressure, and the residue was purified by column chromatography (silica gel, CH 2 Cl 2 : PE = 2 : 3) to afford 5 as purple powders (249 mg, yield 45%). nitrogen. After the mixture was refluxed for 12 h, the solution was poured into water, extracted with CH 2 Cl 2 , and the combined organic extracts were dried over anhydrous Na 2 SO 4 . Then the solvent was removed under reduced pressure, and the residue was purified by column chromatography (silica gel, CH 2 Cl 2 : MeOH = 15 : 1), followed by recrystallization from CH 2 Cl 2 /MeOH to afford the product as a dark green powder (31 mg, yield 84%). 1 
Synthesis of 9.
To a cold solution of 8 11 (10.0 g, 34 mmol) in dry acetone at room temperature was added N-bromosuccinimide (6.11 g, 34 mmol). The reaction mixture was stirred at room temperature for 2 h under nitrogen atmosphere. then the mixture was poured into water, extracted with DCM and dried over anhydrous Na 2 SO 4 . The crude product was purified by recrystallization from CHCl 3 to obtain bromide 9 as white powder (11.58 g, yield 92%). 1 Synthesis of Z1. A mixture of aldehyde 11 (75 mg, 0.12 mmol) and cyanoacetic acid (30 mg, 0.36 mmol) in acetonitrile (10 mL) was refluxed in the presence of piperidine (0.1 mL) for 7 h under argon. After cooling, water was added and the reaction mixture was extracted with CH 2 Cl 2 , dried over Na 2 SO 4 , and evaporated under reduced pressure. The crude product was purified by column chromatography (silica gel, CH 2 Cl 2 / methanol = 15 / 1), to yield Z1 as a deep red solid (61 mg, 73%). 1 Figure S1 . Normalized UV-visible spectra of the porphyrins in THF and on the TiO 2 films (3 μm).
Absorption and Emission Spectra
Fig. S2
Emission spectra of XW10, XW40, and XW41 in THF. The spectra were used to calculate the wavelength at the intersection (λinter) of normalized absorption and emission spectra, and the corresponding E0-0 values. Excitation wavelengths: 459 nm (XW10), 461 nm (XW40), and 468 (XW41). 
Cyclic Voltammetry Curves
Crystal Structure of Compound 5
Single crystals 5 were obtained by slow diffusion of chloroform vapor to the corresponding CHCl 3 /MeOH solutions. X-ray analyses of 5 were performed on a SMART APEX equipped with CCD detector (Bruker) using MoKα (graphite, monochromated, λ = 0.71073 Å) radiation and CuKα (graphite, monochromated, λ = 1.54178 Å) radiation. The structure was solved by the direct method of SHELXS-97 and refined using the SHELXL-97 program. 13, 14 The positional parameters and thermal parameters of non-hydrogen atoms were refined anisotropically on 
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